Fruit-piercing moths such as Oraesia excavata (Butler), O. emarginata (Fabricius) and Adris tyrannus amurensis (Staudinger) are attracted to the volatiles emitted from various fruits and cause damage to these fruits. Especially, the volatiles emitted from ripe peach fruits are known to be attractive to the moths. In the present experiment, the repellency of a volatile compound, sec-butyl b-styryl ketone (4-methyl-1-phenylhex-1-en-3-one), was examined in or around peach orchards in order to prevent damage by fruit-piercing moths. In orchard experiments the moths were attracted and captured by ripe peach fruit traps. The number of captured moths in the traps was reduced by sec-butyl bstyryl ketone treatment, and hardly any moths were captured at a release rate of 1.0 mg/day. A significant reduction in ripe peach fruit damage was recorded with the use of sec-butyl b-styryl ketone (10 tubes of 1.0 mg/day release rate/tree). These results suggest that sec-butyl b-styryl ketone is a good repellent against fruit-piercing moths in the peach orchards.
INTRODUCTION
Fruit-piercing moths are widely distributed in the tropical, subtropical and temperate zones (Muniappan et al., 1995) . In Japan, Oraesia excavata (Butler), O. emarginata (Fabricius) and Adris tyrannus amurensis (Staudinger) are the main species that attack ripe fruits including peach, orange, grape, pear, etc. (Nomura, 1962; Omori and Mori, 1962; Uchida et al., 1978) . These moths live in the hills around orchards in the daytime and can fly a long distance (Nakajima and Shimizu, 1956 ) into orchards to suck ripe fruit juice for the maturation of eggs at night-time. Moths lay eggs on the vines belonging to the family Menispermaceae. The spatial separation of feeding place of adult moths and their main habitat makes it difficult to establish an effective control system against those particular insect pests (Ohmasa et al., 1991) .
Insects often use volatile chemicals emitted from hosts to locate food sources and suitable oviposition sites (Tingle and Mitchell, 1992; Yan et al., 1999; Coracini et al., 2004; Natale et al., 2004) . Fruit-piercing moths are attracted to the volatiles emitted from ripe fruits, but the attractive components have not been identified (Kohno, 1962; Saito and Munakata, 1970; Miyazaki et al., 1972; Uchida et al., 1978) . In the case of O. excavata, O. emarginata and A. tyrannus amurensis, adult moths are attracted strongly to a ripe peach fruit among various fruits tested (Uchida et al., 1978) . Park et al. (1988) found a stronger capture of these moths in peach orchard than the other fruit orchards. Although various repellents for fruit-piercing moths have already been reported (Kohno, 1962; Miyashita and Tchiku, 1962; Saito et al., 1962; Uchida et al., 1978) , there are few which are used for practical plant protection. Saito and Honda (1968) as an effective repellent against fruit-piercing moths. The repellent effects of this chemical, however, disappeared within one day when the substance was sprayed in powder form in fruit orchards, because isomers were produced from the substance due to ultraviolet rays resulting in degradation and loss of repellency against the moths (Saito, unpublished observation) . By the development of controlled-release devices in recent years, continuous release of the substance for a long term without degradation by ultraviolet rays has become possible. In this experiment, we assessed the effects of sec-butyl b-styryl ketone on moth capture in traps using ripe peach fruits and damage against peach fruits in orchards.
MATERIALS AND METHODS
Dispenser. Sec-butyl b-styryl ketone (96% chemical purity) was synthesized from benzaldehyde and methyl sec-butyl ketone by Shin-Etsu Chemical Company (Nielsen and Haseltine, 1968) .
1.0 mg/day release rate: High density polyethylene tubes (20 cm length) containing 1% Fe 2 O 3 as an inhibitor of isomerization by ultraviolet rays were loaded with about 220 mg of sec-butyl bstyryl ketone containing dibutylhydoxy-toluene (BHT) as an anti-oxidant agent.
0.1 mg/day and 0.05 mg/day release rates: Release rates of 0.1 mg/day and 0.05 mg/day were adjusted by loading about 90 mg of those compounds in 20 cm and 10 cm tubes, respectively.
Effect of sec-butyl b b-styryl ketone on trap captures. A ripe peach fruit ('Shimizu Hakutou') was put into a funnel trap (Sankei Chemical Co. Ltd., Japan) as an attractant for fruit-piercing moths. The tubes with different release rates (0.05, 0.1 and 1.0 mg/day) were placed in the top of the funnel traps. Traps were hung at 1-1.5 m above the ground and at a distance of about 15 m in surroundings of the peach orchard. Traps treated with a dispenser of each release rate were placed at random and replaced once a week. Traps were checked every two days from 6 to 27 August 2005 and the combined number of male and female moths captured was recorded.
Effect of sec-butyl b b-styryl ketone on fruit damage. The field test was conducted at peach orchard in the Okayama Agricultural Experimental Station. Individual treated and non-treated peach trees (height of about 2.5 m and crown diameter of about 3.0 m) of 'Shimizu Hakutou' and 'Kawanakajima Hakutou' were selected at random. Ten tubes with the release rate of 1.0 mg/day were three-dimensionally attached on the branches about 1.5 m apart from each other. Damaged peach fruits were counted every 3 days from 5 August to 21 August in 2005. In 2006, three peach trees (almost the same size as above) of 'Shimizu Hakutou' were selected at random in the peach orchard and treated with tubes of different release rates of sec-butyl bstyryl ketone (0.05, 0.1 and 1.0 mg/day). Each tree was three-dimensionally treated with 10 tubes about 1.5 m apart from each other. The damaged peach fruits of treated trees and one non-treated tree as a control were counted every 3 days from 31 July to 14 August in 2006.
Statistical analysis. The Tukey-Kramer test and Mann-Whitney U-test were used to compare the number of moths captured in the peach traps (Nagayama et al., 2006) and the damage rates of ripe peach fruits between treated and non-treated control trees, respectively.
RESULTS

Effect of sec-butyl b b-styryl ketone on trap captures
Fruit-piercing moths, O. excavata and A. tyrannus amurensis, were captured in peach fruit traps from 6 to 27 August in 2005. O. emerginata was not captured during the survey period (6 August to 27 August), but it was captured from late August to early September, 2005, suggesting that the traps baited with peach fruits work well as a monitoring tool. The number of moths captured in the control traps did not differ significantly between the two insect species (Fig. 1) . The number of captured moths decreased with the increase of release rate of sec-butyl b-styryl ketone. Especially, the trap with a 1.0 mg/day release tube hardly captured any moths (Fig. 1) . In addition, there were significant differences (pϽ0.05) in the numbers of captured moths between control and treatment with 1.0 mg/day release.
Effect of sec-butyl b b-styryl ketone on fruit damage
The rate of damaged peach fruits on the trees treated with sec-butyl b-styryl ketone was much less than that on non-treated trees (Figs. 2 and 3) . However, there was no significant difference in the rate of damaged fruits between control and treatment in 2006 even though 10 tubes of 1.0 mg/day release rate were applied.
DISCUSSION
Fruit-piercing moths are attracted to various kinds of ripe fruits and cause fruit injury (Nomura, 1962; Saito et al., 1962) . Uchida et al. (1978) examined the attraction of fruit-piercing moths to various fruits and showed that the peach fruit most strongly attracted the moths. Park et al. (1988) also reported that the moths were mostly captured in peach orchards among various kinds of fruit orchards. In our preliminary experiment, only ripe peach fruits attracted the moths among various kinds of ripe fruits tested. Consequently, ripe peach fruits were used as an attractant for fruit-piercing moths in the present experiment.
In Japan fruit-piercing moths are controlled by yellow light, because the flight activity of the moths is reduced by yellow light (Nomura et al., 1965) and they cannot fly into the orchards (Nomura, 1967; Izawa et al., 2000) . However, yellow light is hardly used in orchards without transportation facilities and small orchards, because the cost for using yellow light is high. Therefore, the development of good repellents is useful to control fruitpiercing moths in these orchards. We examined a volatile compound, sec-butyl b-styryl ketone, as a repellent discovered by Saito and Honda (1968) . When the peach traps were treated with the compound, the number of moths captured in the traps was reduced. Attraction of the moths to a ripe peach fruit might be inhibited by treatment with this compound. The inhibitory effect depended on release rates of the compound. Notably, moths were hardly captured in the traps treated with a tube of 1.0 mg/day release rate.
In field tests the damage rate of peach fruits on the trees treated with the compound (10 tubes of 1.0 mg/day release rate) was significantly reduced to 19% and 0% in 'Shimizu Hakutou' and 'Kawanakajima Hakutou' in 2005, respectively. Moreover, the damage also tended to be lower with the release rates of the compound in 2006; the damage rates of control and the treatment (10 tubes of 1.0 mg/day release rate) was about 28% and 6%, respectively. However, no significant difference in the damage rate was observed between control and treatment groups, because the numbers of peach trees tested were small in 2006.
From these results we conclude that sec-butyl bstyryl ketone is a good repellent for fruit-piercing moths and can be used for control of the moths in orchards. To understand the mechanisms of repellency of the compound on fruit-piercing moths, we are studying the electroantennogram of the moths to the volatiles contained in a peach fruit.
